Des C74 DOCUMENT 9 


= 
‘A a PROJECT REPORT RESFARCH AND DEVELOPMENT BRANCH 
q iApcommi TTEE ON FOOD RESEARCH MILITARY PLANNING DIVISION 
. JS QUARTERMASTER FOOD AND CONTAINER INSTITUTE 


py FOR THE ARMED FORCES . OFFICE OF THE 
CHICAGO ILLINOIS asa ic insica bill eeobiuae 


COOPERATING INSTITUTLO LOCALITY : 
New York Medi cal College Welfare Island, | 
“Metropolitan Hospital Research Unit New York City, Ne Ye . 
DIVISION at DEP ARTMEN 


Medicine 


OFFICIAL INVESTIGATOR 
David Schwimmer, M, D. 


REPORT NO. 


COLLABORATORS” Er MeGavack, M. De 
Is Js Drekter, B.S. 


RA 
109<qm=771_ 


C 
W44- 
FOR PERIOD COVERING INITIATION. DATE | 
1 July to 32 Ostober, 1945 a suty “4946 | 
TITLE: [7] procress report [*] phase report [_] annuac report [__] TERMINATION REPORT 


Protein Metabolism Studics on Reduced Caloric and Water Inteke 


SUMMARY 


During August an@ Soptember, 1945, metabolic studieg © 
wore made on ten hcalthy voluntocr Conscicntious | 
Objectors recoiving 800 cc. wator and 200 Gms food . 
(850 calorics) daily for tcn c@nsccutive days. One 

‘y roup of five mon atc a protcin-froo diet composed 

; Poy woight) of 90% carbohydrate and 10% fet; tho 
other, a dict consisting of 80% carbohydrate, 10% fat, 
and 10% protein derived from malted milk, 


In October, thcso studics wero duplicatcd with 
the same subjects, with the cxception that dricd _ ; 
ecg albumin was used instead cf the malted milk proteins! © 
Tho daily ration was again 200 Gm., but a difference 
in moisture content resulted in a caloric value of 800. 


By comparison with the protcin-froe regime 
gerving as control, ‘the dict containing 10% melted . 
milk protein produced a slightly creator weight loss, 
sicnificantly highcr urinary volume, total urinary OR, 
solutcs, end-total urinery nitieccn. There was also 
a dofinitc inercasc in-the daily cutput of urimry. | 
sodium and potassium, end some decreaso in tho urinery 
ammonia nitrogen. | ee 7 


ah NI Tn contrast With the malted milk protein, the gt 
ARMY apnea cog albumin ration produced vory littlo increase — 
MEDIC Alin tetal woight loss and in urinary volume, Although — 
Br : he total s lutes.and nitrogen of the urine oc xceeeded 
SEP 26 1950 somewhat those found with the accompanying protein- 


» s  frécf/rerine, these differences were much smaller 
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than with the melted milk protein. Positive nitrogen 
balance was not attained, but of the 2.9 Gm. nitrogen 
fed daily, 1.-¢.Gme was retained... Averaged group data 
are deteriled in the eccompenying tables and figures. . 


It appesrs, tiew, thet dried egg albugin is 
superior to melted milk protein in the 800-850 calorie 


range in the presence of limited water intake. - 


Further dietary studies are now in progress, and 
additional reports on completed work ars now in. | 
delete he acteoat 


The object of sneee sipattennys is the study 
of the basic human physiology under conditions of 
specific limitation of food and water. . Originslly 
the work wes directed primarily towards Life Raft 
R&tions, but more recently the outlook hes been broad- 
ened to include general -survival retions. 


Emphesis is being placed on the veristions in 
protein, fat, end carbohydrate content, snd in 
cfloric inteke, which will afford maximel chences not 
only for survival, but also for meintenance of fit- 
ness in normal human beings.’ | 


Special attention is being peid to the advisability 
of including protein in the rations, If found feasible, 
the inclusion of protein may be of great velue te men 
suffering from injury, blood loss, or shock. Protein 
eould also meke rations more palatable. 


A mejor problem in this respects is the question 
of retention of protein by the body ond meintenance 
of nitrogen equilibrium. Since the nitrogenous 
end-products of protein metabolism clessically require 
edditional- urine weter for excretion, it would be 
uneconomicel, with 2 limited water inteke, to feed 
o protein which would not be retained. It would be 
distinctly edventageous, then, if a type or form of 
protein were found which, perh*ps under certcin 
conditions, would promote a retention of nitrogen by 
the tissues. Preliminsry experimentation with animals 
has indicated thet such ean papecehy mey not be un- 
attainable. 
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The investigations here reported (Experimental 
Diets #9, 10, 11, and 12) are a continustion of studies 
begun in Jenucry, 1945. The latter included Experimental 
Diets #1-8, inclusive, of our numerical series, and 
were reported to the Committee on Food Research in 
June, 1945.. Since these data were never mimeogrephed 
for general distribution by the Committee, and since 
they.comprise ean integrel part of the studies to be 
reported now and in the future, we inchude the follow- 
ing summetion of our-eerlisr work: 


SUMMARY OF FINDINGS WITH . 
EXPERIMENTAL DIETS # 1 - 8, INCLUSIVE 


1. Ten normal adult males were divided 
into groups and subjected to # series of five 
experimental dietary regimens for five deys, 
and to three experimental regimens for ten days. 


2. The daily diet per men weighed 100 Gm, 
end supplied from 400 to 525 cslorieés. 


Se The intake of weter wes standardized 
at 800 ccs per men per dey. During the ten- 
day experimental period, 1 Gm. of NaCl was 
added to each man's daily retion of weter. 


4. Despite weakness, dehydration, end ° 
loss of weight, all subjects were in relatively 
good physical and mental condition et the end 
of both the five and ten dey testing pcriocds, 
regardless of which of the eight experimental 
diets hed been consumed. 


5. Severs musculer pains occurred during 
the first testing period of five days. These 
musculsr pains did not appear during the ten 
dey experiment, when 1 Gm. of NeCl wes added 
to the deily ration of water. There were also 
less nausea, headache, insomnia, and general 
maleise during these longer experimenta. 


6. Constipation occurred as a result 
of the gencreél limitation of food and water; 
this was independent of the composition of ‘the 
individual diet. The diet containing 25% fat 
caused abdominal distress, including gaseous 
distension, cremps, flatulence, and nausea. 


7» As measured by psychological and 
FScc Tablo #4A 7 
page di. | 
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PERCENTAGE COMPOSITION OF EXPERIMENTAL 
~ DintS #1 — 6, INCLUSIVE 


1 100 ° ihe nite 
2 90 10 -~ 
3 80 20 wee 
4 65 10 | 25 
SD 100 -- -- 
6 86 4 10 
7 90 -- 10 
z 8 78 1L2 10 
Dehydrated (uncoagulated) egg white was 
the source of protcin in Diets #2, 3, 4, and 
8; malted milk powdcr was used in Dict 6. 
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performance tests, capacity for muscular 


. work wes decreased in all subjects, but 


neural functions were not significantly 
disturbed. 


Psychologicsl tests were of limited use- 
fulness in differentirting between the small 
groups of subjects becruse of large individual 
verictions in response. 


8. During "deprivation", fatigue and 
thirst increesed rapidly, abdominel discomfort 
and dizziness, slowly. Hunger increased 
rapidly for three days, efter which it wes 
progressively less intense. 


9. Loss of weight occurred in all ree 
the greatest rate of decrease was noted during 
the first two days. There was less loss of 
weight during the first five days of the ten 
day experiment than during the initiel five 
dey experiment. 


Losses in weter (urine) paralleled 
chenges in weight. 


10. Urinery volume decreased in ell ceses, 
but never to criticel levels. 


ll« The addition of protein or feat to the 
diet lessened the decrecse in urinfry volume. 


12. *The addition of even the smellest 
emount of protein (4%) to thc diet produced 
en increase in the total solutes of the urine. 


15. Dehydration crused the 2pperrance of. 
albumen, casts, leucocytes, and erythrocytes 
in the urine of certsin subjects who may have 
had some previously unrecognized diminution 
of renal reserve. 


14, All experimental groups exhibited a 
generel increase in hemetocrit, erythrocyte, 
end hemoglobin values during the first three 
to four of the experimental days, after which 
they returned to end remained normel. 
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15. Tests of hepetic function indicated 
no impeirment of the liver through "deprivation." 


16. Under the experimentel conditions used, 
there wes no alteretion in the pH, the specific 
gravity, or in the creatinine of the urine. 

No acetone bodies enpeared in the urine at any 
ttime. : 


17. ©The white blood count and the rete 
of sedimentetion of the erythrocytes were un- | 
effected by the respective experimental regimeng,. 


18. Chenges in the basel metabolic rate, 
(capillery permeability, fluorescein excretion, 
and ascorbic acid lévels (tissue end plesma 
showed no changes which were traceable to the 
experiment nl conditions. | 


19. In one subject, © pre-existing 
bigeminel rhythm disappeared during salt 
deprivation. 


_ 80. The total non-protein nitrogen in the 
blood rose as “deprivstion" progressed, the 
highest lewels being reached by the fifth to 
seventh days. No cliniccl symptoms whetsocever 
were prescnt which could be attributed to 
‘eccumuletion of nitrogenous substances in the 
blood, 


Ble The urinery nitrogen decreased ienepdy 
during the experimental periods. The greatest 
drop occurred in the first two days. The 
addition of protein to the diet lessened this 
decreesce, The inclusion of fat counterected 
this effect of protein somewhet. Sselt mey 
heve hed e« similrr or heyts 


22-6 The excretion of urea nitrogen paralleled . 
thet cf tote«l nitrogen. 


23, There wes & phasic yeriction in the . 
excretion of creatine in the urine, with increases 
until the fourth and fifth days, followed by — 
decrerses. Secondery clevations occurred. in 
the subjects on Diets 7 and 8, The addition of 
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small amounts of protein to the diet produced 
some decrease in creatinuria. Addition of selt 
delayed the rise in creatinuria, re 


24. Blood and‘urinary sodium values 
dropped during both exparimental periods, but 
the fall wes much slower and less merked when 
1-Gm. of NeCl wes included in the rations. 


25. Chloride levels in the bleed decreased 
during the five-dcy "deprivetion", snd were 
still subnormel on the sixth recovery day. 

When NeCl wes provided, the scdium concentration 
haa returned to normsl between the third and 
seventh experimental dceys. 


The excretion of chlorides in the urine 
dropped sharply in the first five days of both 
testing periods. The urinsry chloride levels 
remained low throughout the latter half of the 
ten-dey experiment. The decrease in urinsry 
chlorides wes somewhet less in the subjects 
recsiving pretscin than in these who were not. 


26. Potassium concentretion in the blood 
rose in «ll subjects, but the rise wes less 
when they were receiving Necl than when they 
were net. 


27. Urinary potassium values dropped 
rapicly in the first two cays of the five-day 
testing pcriod, snd thereafter rose again. 

In the ten-day period, when NeCl was added, 

the urinery potassium did nst reach its Lowest 
level until the seventh experimenta ul dey, after 
which it rose greduclly. 


In these ‘first eight experimental diets, the 
daily retion was set at 100 Gm. to conform with the 
level present in the standard Army Air Forces Life 
Raft Ration. The 800 cc. figure fcr the daily water 
ellotment wes determined as the nverage emcunt expected 
to be availeble to a Life Raft passenger from the 
combined use ef sun still, deselinstion kit, and rein 
water. 
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The 200 Gm. f-cd level in Diets #9, 10, 11, and 
"2 herein reported was originally chosen es approaching 
50 per cont cf minimel caloric requirement. The 
influence cf caloric levels will be discussed in 
gerenter detail in . forthcoming report). The use of 
such higher caloric inteke wes encoureged by the 
enimal work of Swenson end of Allison a), who reported 
that they promcted increcsed nitregen retention. 
It was also hoped that the Air Force would provide 
the small additionel space required if such retions 
proved definitely superior. 


METHODS AND MATERIALS 


The generel plan of this study has included 
three consecutive periods in erch experiments 


1. A seven-day standardization and control period 
2. <A ten-day testing ("deprivation") pericd 
3. <A five-day recovery pericd 


I Subjects 


Ten volunteer Conscientious Objectors were used as 
subjects. They ranged in age from 20 to 37, and in weight 
from 157 to 178 pounds. 


These men were considered to be in good health. 
All hed passed Army Induction physical examinations | 
before assignment to Civilian Public Service Camps. 
Preliminary to acceptance as a test subject, the 
physical status of each man was thoroughly checked by 3 
a careful history, physical examination, electrocardiogram, 
chest roentgenogram, blood count, uninalysis, erythrocyte 
sedimentation rete, blood sugar, urea nitrogen, and 
Wasserman test. 


II Environmental Condi tions 


The subjects were confined, during control as 
well as exparimental periods, to Ward K of the Research 
Unit as regular patients. They were allowed te be 
ambulatory’on the premises, but at no time were they 
permitted to leave the ward. The subjects rested or 
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slept whenever they wished during the day, except 
for feeding and testing times; at night they were in 
bed by 11 o'clock. Records were kept Of the quantity 
and quality of sleep. Brushing the teeth, shaving, 
showering, smoking, and chewing gum were prohibited 
during test periods. 


Readings of temperature, barometric pressure, 
and relative humidity were taken regulerly at 8 A.M., 
12 Noon, and 8 P.M. The ranges of these readings 
were as follows: : 


Temperature! 70-85 degrees Fahrenheit 
é Burométric Pressure: 29,78" - 20.46" Hg 
Relative Humidity: 65% - 88% 


III Dietary Rogimes 


All food and fluid was carefully weighed, measured, 
checked, end charted. This included the reyeighing 
of some items previously packeted and labelled for 


weight. 


a. Standardization period: 


The subjects were standardized for a preliminary 
seven day period on regular Army 10-in-1 Rations; during 
the last five days of this period, control clinical 
Equal servings 
of food were weighed for cach man, with slight variations 
in biscuit and sugar intake to allow for differences in 
individual caloric requirements. 
during this period ranged from 2500 to 3700 calories 


and laboratory deta were collected. 


The caloric intakes 


per day. Analysis of a typical subject- day! Ss consumption 
of 10-in-1 Rations was as follows: 
/ Carbohydrate: — 330.9 Grams 

Protein: 99.5 Grams 
Fat: 96.1 Grams. 
Calories: 2654.0 
Calcium: 464.0 Mg. 
Tron: 24.2 Mg. 
Vitamin A: 2242.0 Units 
Vitamin By: 1606.0 Mcg. 
Vitamin Ct 735e1:Mg. 
Vitamin Bo? 1316.0 Meg. 
Niacin: 16.5 Mg. 
Sodium: 6.1 Gm. 
Potassium: 2.9 Gm. 
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‘Water was taken ad libitum during the standard- is 
izetion period, the amount varying from 1800 to 2700 cos 


per man per days i 
b. Testing Period: | : 


The testing periods ("deprivation") were ten 


-@ays in length. Experimental Diets #9 and 10 were 


employed in August and September, 1945; Diets #11 and 
12; in September and October. | 


| The subjects were divided into two groups 
of five cach in such 6 manner as to afford similar 
total weight and range of weight in cach group. 
The groupings and detailed composition of the 
test rations are indicated in Table 4B. 
COMPOSITION OF EXPERIMENTAL DIBTS 9-12, INCLUSIVE 


Diet # Subjects %CHO 4% PROT. 4 FAT SMOISTURE CAL. 


9 Cx awe eo: 9:3  4j6 856 
10 JjD,A,H,M 7504.5 967 | Oia: Ga? 846 
11 eben 07608 Oo 10/0. 1462 790 
12 J;D,;A.H,M 68.3 “O.2 10.0 1265 816 


As originally planned, Diets # 9 and 11 were to 
contain 90% carbohydrate md 10% fat, while Diets #10 
and 12 were to contain 80% carbohydrate, 10% fat, and 
10% protein; the caloric value of each then would 
have been 900. However, beceuse of technical factors 
and resulting high moisture contents, the actual values 
attained are those listed in Table 4B. In all exper- 
iments subsequent to these, aberrations in percentual 
content and in caloric intake have been eliminated 
by determining moisture content first, then calculating 
percentual composition on the actual dry weight of 
the components. 


The basic constituent materials of the present ; 
diets were: | | | ws 
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Diet #9 "Charms" (Chagms Cosy BloomfieldjNiJ.) 


Sucrose=lipid tablets (0OQMG) 


Diet #10 "Charms" 
Sucrose-lipid tablets 
Malted Milk tablets (Horlick) 


Diet #11 Wheat Starch 
Honey 
| Hydrogenated Fat 


Diet #12 Wheat Starch 
Honey 
Hydrogenated Fat 
Powdered Dried Egg Albumin 


It should be noted that Diets #9 and 10 consisted 
of properly weighed emounts of the listed constituents 
as préviously prepared; diets #1l and 12, on the other 
hand, were baked into uniform biscuits by the Quarter- 
master laboratory in Chicago. 


On each of the ten daysoff deprivation, every 
subject received 200 Gms of test ration and 800 Gm. 
of tep water containing 1 Gms NaCl. These were fed 
on the following schedulé: 


OAsMs + - . 33 Gms ration and 200 Gm. Water 
1 PsMe - = 67 " " " tt tt 
5 PsMe —- = 67 1 "n tt '" ft 
9 PoMs = - 35 " " " f " 


In addition, one multivatimin tablet per man 
per day wes givenad the 9 AsM.s feeding. Bach of these 
tablets contained: 


Vitamin A = 2300 USP Units ~ Fish Liver Oil 
Vitamin D - 200 USP Units <- Viosterol 
Vitemin By~ 1.60 mgs 


Vitamin Riboflavin 


165 mge - 
Vitamin C - 37.5 mgs: ~ Ascorbic Acid 
~ Niacinamide 


1068 Mg e- 
cs Recovery Period 


Recovery from deprivation was carefully observed 
for five days... As in the preliminary standardizatién | 
phese, the men were again fed Army 10-in-I Rations. On 
the first recovery day, they were limited to 12006 calories 
af food and 2500 cc. of water; thereafter, calories and . 
water were @llowed to be taken ad libitum, 
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Thiamin Hydrochlorid 


IV Laboratory Procedures 


Fasting venous blood samples were drawn between 
8:00 and 8:30 A.M., precéding the first morning feed- 
ing. Pre-sealed vacuumatic tubes were used to insure 
against contamination. 


Urinary determinations were all made on aliquots 
of 24-hour collections covering periods from 8:00 A.M. 
of one day to 8:00 A.Me of the next. The specimens 
were preserved with toluene. 


The following tests and procedures were carried 
out: 


1. Total Nitrogen in urine - Pregl, F., Die 
Quant. Organisch. Mikreansl., Berlin, 1923, 2nd ed. 
Brecher, A., Wien. Clin. Wech., 49:1228, 1936. 


2. Urea Nitrogen in blood and urine - Van Slyke, 
D.D., and Cullen, C.E., J. Biol. Chem., 24:117, 1916. 


So» Ammonia in blood and urine - idem. 


4. Creatine and Creatinine in urine - Folin, 0., 
Lab. Menual of Biol. Chem., 5th od., D. Appleton-Century 
Company, New York, 1954. 


5. Sodium in blood and urine - Barnes, RB., 
Richardson, David, Berry, J.eW., end Hood, R.L., Ind. 
and Eng. Chem., Analytic ed., 17:605-11, 1945. 


6. Potassium in blood and urine - idem. 


7. Chlorides in blood and urine - Van Slyke, D.D., 
and Sendroy, Je, Jre, Je Biol. Chem., 58:523, 1923. 


8. Depression of Freezing Point of urine - Beckmann, 
F., Zoit, phys. Chem., 2:653, 1888 (utilizing DeWer flask). 


9. Routine Urinerlysis (specific grevity, sugar, 
albumin, acetone, discetic acid, microscopic examine tion) - 
Todd, D.c., and Sanford, A.H., Clinicel Diagnosis by 
Leb. Methods, 9th ed., W.B. Saunders Co., Phila. 1941. 


10. Complete Blood Count - idem. 
* Til colorimetric laboretory methods were slighly 
modified for use in the Drekter-Hoskins micro-colorimeter 
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ll. Total Non-Protein Nitrogen in Blood - Folin, 
O., and Wu, H., J. Biol. Chem., 38:81, 1919. 


12. Blood Sugar - idem, 41:367, 1920 


13. Erythrocyte Sedimentation Rete and Hematocrit- 
Wintrobe, M.M., J. Lab. and Clin. Med., 15:287, 1989. 


14. Circulation Time (Fluorescein) - Lange, K., 
and Boyd, L.ed., Arch. Int. Med., 74:175, 1944. 


15. Serum Proteins = Micro-Kjeldahl - Pregl, F.,, 
Die Quant. Organisch. Mikreanal., Berlin, 1923, 2nd ed.- 
Brecher, Ae, Wien. Clin. Wech., 49:1228, 1936, 


16. Hepatic Function Tests (Icteric index, 
ven den Bergh, Cephalin Flocculation, Phosphorus, 
Alkaline Phosphetase, Total Cholesterol, Cholesterol 
Esters, Free Cholesterol, Albumen, Globulin) - 911 done 
on serum ~ Schwimmer, D., Klotz, S.D., Drekter, I.J., 
and MeGavack, T.H., Am. J. Dig. Dis. 12:1, 1945. 


17. Basal Metabolism Rate - using McKesson Water 
Metabolism Tester. 


18. Electrocerdiograms - using Cambridge Simpli-Trol, 


19. Self-Rating on Clinicel Symptoms: hunger, thirst, 
anorexie, nausea, vomiting, abdominal pain, diarrhea, 
constipation, headeche, dizziness or lighheadedness, 
fetigue, muscle pain, insomnie, sleepiness, and general 
feeling of being below par. Each sibject rated himself 
on each verieble three times daily, once before each 
meal. -4 five-point numericel rating scale wes used: 
O-none; l-mild; 2-moderate; 3-rether severe; and 4- 
extreme. The three ratings by an individual on a given 
variable were totaled to produce 4 score for the day on 
that veriable. From this, group averages were obtained 
for each variable. 
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RESULTS 


I Clinical Studies 
: General 


At the end of ten days of deprivation, all 
the subjects were still ambulatory andalert. However, 
they were emotionally more irritable, physically 
weaker and more easily fatigued. Loss of weight and 
decrease of skin turgor were obvious. o 


Muscular pains did not occur in any group 
(see Laborator Procetures -#19-page 12). This 
corroborated t findings in our cérlicr studies 
(Diets #6, 7, 3) where @ supplement of NaCl had also 
been used, end was in sharp contrast wth the severe 
pains noted when no salt was present in the dietary 
regime (Diets #1-5, inclusive). It appears certain 
that these muscular disturbances are a function of 
salt deficiency, and are not related to either caloric 
levels or to intrinsic dietary ~~ 


Headachcs, varying from mild to: severe ones, occurred 
in thirteen of the twenty subjects on the first dey 
of deprivation, and in six on the second day, They 
were gonerelly associated with modersts hunger, dizziness 
and weeknscss. After the second day, these symptoms 
occurred only sporadically and in mild form ft is 
significant that, on the first two days; these symptoms 
eppenred chiefly about two or three hours after sitner 
the 9 A.M. Gril P.M. feeding, and that they could be 
correlated with demonstrebly low levels of glucose 


in the blood (see Laboretory Studies - Blood Sugar). 


Hunger wes not én outstanding complrint. In 
all four groups it wes generally mild from the second 
to eighth day, then increased slightly during the ninth 
and tenth days. Thirst likewiss presented no great 
problem. There was a moderate accentuetion during the 
fourth to eighth days of deprivetion, but this diminished 
during the last two days, With Groups #9 snd 10, thirst 
wes slightly more pronounced than with #11 and 12, 
probably beceuse of the greater perspiretory end — 
respiretory weter losses sustcined because of hot weether. 


Slecpiness end ea “feeling of being below per" 
were present in e« small degree throughout, but to the 
least extent with Diet #12. 
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Bowel hebits were not scriously disturbcd in 
any group during dcprivetion. Thc stools were somcwh*t 
sm¢llcr then normel, cnd inercescd tomporerily to 
2-4 dcily on thc fourth end fifth days in five subjccts. 
Fletulcnee end abdominrl discomfort wore nogligiblo. 
Nfusca and vomiting occurred onco, in Subject A, on 
Dict #9 during tho first dey of dcprivetion, but not 
thereaftcr. , = : 


2. ‘Weight Chengcs - Trbles 5A, 5B, 8A, 8C? 
Figurcs 10, LOA, lOB, 23, 234, 23B 

Thc subjects on dicts contcining protcin 
susteincd groatcr losscs of wcight thon did their 
compfnions who were simultancously cating protcin- 
free dicts. This incressc in weight loss wes less 
with og6 whito then with m-ltcod milk. Tho mcn on 
Dict #10 (meltcd milk) lost en avorego of 5.4 -" 
in 10 deys, or 0.5 Kg. morc then thoso on Dict : 
while thoso on the ogg white regime (Dict #12) lost 
only 0.3 Kg. more then did thoso on Dict #ll. 


The rato of weight loss wes greatest during 
the first two deys, renging from.0.8 to 1.3 Kg. pcr 
dey, thcn diminishcd somcwh*t during the third to 
fifth deys. Aftcr the fifth d«y, the ratc of loss 
wes considcrebly lcss. The repid loss of woight during 
the first five drys could be scecountod to loss of 
fluid - both urinsry end perspirctory = rethcr than 
to westing of tissuc substancc,. 


Je Bracl Mots bolic Retcs 


Neithcr dcprivetion pcr so nor tho intrinsic 
composition of eny dict produccd cny consistent chengeo 
in the besel mots bolic retc of ny subjoct, Within the 
some dictcry group there could be found individucls 
exhibiting no chengc, cs well *s others with cithcr 
increascs or dcecrcrscs. 


4. Cardiovesculer Chengces 


Pulse retes in practicclly 211 subjects 
slowed by five to twenty-five bccts per minute cftor 
thc ‘fourth or fifth dey of dcprivation,. 


. ¥First-dey end cumulrtive losscs of woight during 

deprivetion hrvc beon esliculrtcd from the figure for the 

. lest control day, rethcr then from en cvortge of call 
control dtyse | | 
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No specific dircectionrl trends or dictary 
correlations coule be cst-blishoée with oechsuaal of 
blood pressure or pulso pressurc,. 


Prolong:tions of cireulstion timc (dono 
by tho flucrcsccin methcda)* wore prescnt in moro 
then helf of the subjcets, more notebly in tho 
nrm-to-lcg circulstion then in the crm-to-lip 
timc. Thcse delsys in periphcrel circuls tion bore 
no cbvious relation to cdictery compcsition or to 
chenges in pulsc retc, but they could dcfinitcly bo 
correlsted with changes in tho olcctrocardcicgrenm. — 


Electrocardicger: phic changcs wore nctod in 
15 cf the 20 subjccts. Thcesc ccnsisted chicfly of 
dininution in tho height cf. the T-weve in Lords I 
mand II; the dogree cf T-wave lowcring renged from 1.0 
to 4.0 mn., with resulting amplitudes es low ss 
©.0 to 1.0 mm. in scmc instrncecs, Prolongrtions of 
the Q-T scgmcnt by 0.04 to 0,08 soconds were clso 
neted, but those clweys perellclicd thc: slowing of 
the pulsoc rete. a hag. 


A more @ctailcd anclysis of eardiovasculcr 
eltcretions and their possiblic ccuscs will be providcd 
inc future repcert, which will includc data covering 
rm serics cf cvcr 25 dicts end 100 subjocts. 


* Wo aro indcbtce tc Drs, Kurt Lengo rnd Devid Weinor, 
who envo geoncrously of thcir tim t~ meko.the gianna: 
of circule ticn tinc. 
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II Laboratory Studies 


1. Urinery Volume - Tables 5A, 5B, 8A, 8C: 
Figures ll, o4. 


Comparisom of the paired protein-free and 
protein-centaining diets reveals that: 


a. During the whole ten-day period, the 
malted milk ration produced 969 cc. more urine than 
did its cempanion protein-free regime. 


b. With dried egg white, this difference 
amounted to enly 208 cc. | 


c. If only the last five days of deprivation 
are considered, the increase in urinary volume with malted 
milk protein was 684 cc., whereas with egg white tuegre 
were actually 19 cc. less excreted than with the 
simultane ously-run control. 


Utilization of the last five days of ee 
for comparison is of distinct value, since it reflects 
directly the solute-productng quality of the experimental 
diet, and since it excludes the high urinary volumés 
seen during the first several days. The latter are > 
partially a earry-over and reflection of the state of 
hydration existing before deprivation. 


That the urinsry volumes with control Diets 9 and 
ll differ is not due to individual varistions in the | 
subjects, since the same subjects served in both groups. 
Rather, the lower overall levels observed with Diets #9 
and 10 can definitely be ascribed to distinctly greater 
perspiratory water losses, since they were tested during 
a particularly hot and humid period. Such an environ- 
mental cause of variation could be eliminated only by 
providing completely air-conditioned housing. 


As will be detailed later, a direct correlation 
exists between increases in urinary output and increases 
in total urinary solutes and nitrogen. 


In these studics, as in ths carlier ones on 
Diets 1-8, inclusive, the actual urinery volumes con- 
sistently excecded the theoretical minimum as calculated 
from Dr. James L. Gemblets factor 1.4 (2). This disparity 
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is due to the fact that our subjects rarely produced 
urine with a concentration above 1.2 osmols per liter. 
A detailed analysis of renal concentrating capacity, 
with : demonstrable verietions on different dietary 
regimes, will be given in a forthcoming report. 


2. Urina Solutes - Tables 5A, 5B, 8A; - 
Figures LILA, 25. 


The solute content of the urine (in milliosmols) 
wes celculated from figures for the depression of 
the freezing point according to the equation: 


Total Milliosmols = 
Depression of Freezing Point x Urine Volume 
. (cc.) 


As might be anticipated, the presence of protein 
in the dist increased the amount of urinary solutes. 
This effect, however, was much more pronounced with 
melted milk protein than with egg white. The average 
deily total solute output for the ten-day experiment 
with malted milk exceeded by 170 milliosmols the 
average for its paired protein-free control 
diet. With dried egg white, the daily differenco was 
only 65 milliosmols. 


If only the last five experimental days are 
utilized for comparison, the protein-no protein 
differences amount to 175 and 48 milliosmols, re- 
spectively, for malted milk and egg white, further 
emphasizing the greater retention of egg white. 


Se Nitrogenous Substences in Urine - Tables 5A, 
5B; BB. 8D; Figures 12-15, inclusive, and 


26-29, inclusive. 


&@. Totel Nitrogen in Urine - Figures 12, 12A, 
> e 


'Deprivetion produccd e decrease in the 
output of total urinary nitrogen. The greatest rate 
of drop occurred during the first two days. 


Retention of the egg albumin exceeded that 
of the malted milk protein. With melted milk, the 
everage daily total urinary nitrogen during deprimgation 
was 9.4 Gm., or 67,7 percent of the standardization 
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period average; with egg white, it was 6.8 Gm., or 
58.5%. Stated in another way, the men on the malted 
milk ration excreted 2-6 Gm. more nitrogen than did the 
group ingesting no protein. With egg white, this 
difference was only 1.5 Gn. 


If nitrogen balances are set up, 
it is apparent that nitrogen equilibrium is not attained 
with either type of protein. This may be due to the 
relatively small amounts of nitrogen fed daily 
namely 3.05 Gm. in Diet #10, and 2.90 Gm. in Diet #12.. 
However, the degree of negative nitrogen balances is 
certainly less marked with egg white than with malted 
milk. In the former case, it was minus 3.90 perma 
in the latter, minus 6.55 Gm. 


be. Urea Nitrogen in Urine 


The urinary content of urea nitrogen 
consistently paralleled that of total nitrogen, It 
comprised 84% - 95% of the latter. 


¢. Creatinine in Urine - Figures 13, 27.. 


Variations in urinary ereatinine bore 
no relationship to dietary composition. In 81l instances 
there was a drop from the normal standardization range 
of 900 - 1200 mg. to 700 - 900 mge per 24 hours,. The 
lowest levels were reached on the fourth and eighth 
days of deprivation.. 


ad. cCreetine in Urine - Figures. 14, 28 


Phasic variations were present in the 
urinery excretion of creetine. Peaks of crentine output 
wore reached cn the fourth day, then egain on the sixth 
or seventh day. 


The levels «f creatinuria bore no 
aomonstrebdle reletionship to the dietary content of 
protein, to the urinery nitrogen, cr to the excretion 
of potessium, It is clear thet the conditions of 
deprivation per se, rether then dietery composition, 
were responsible for the fluctuetions. An elucidetion 
of the precise mechenisms operctive here awaits further 
study. It does scom apparent, however, that the clessic 
concept thet cre: tinuria is s measure of endogenous 
protein metrbolism is untcneble. 
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oc. Ammonia Nitrogcn in Urine - Figures 15, 29 


The amcunt ~f cmmonic nitrogcn in the 
urine decercescd until the fourth dey cf deprivaticn, 
Tncroaftor, « steabilizcd low level wes meinteined, 


It is -f some intorcest to ncte thet with 
Dict #10, the emmonic nitrogen oxcroti-ns evcrngcad 
7-10 millicquivelcnts pcr dry loss than with the 
-ther three Cicts. This -ccurrced despite the fact that 
two men (Subjccts 4 sna D) in thet dictery group 
exhibitcd pcsitive eectone in the urinc on vearicus 
ocersicns (sec icctono_ in Urine), with no inerense in 
their incivicucl urinsry emmcnic output, It is possible 
thet tho besceforming esprcity -f tho kidney was 
soncwhet curteilcd as pert -f - gonorel diminution of 
renel function, 


4, Specific Gravity of Urine 


The specific gravity of theurine varied from 
1.005 to 1.051. The highest specific gravities occurred 
during the fourth and fifth daysOf deprivation, then 
again on the ninth or tenth day. 


Every subject, at one time or another during 
deprivation, wes able to concentrate to 1.020 or higher. 
With Diets #11 and #12 (which represented the second 
experimental run for the same subjects) the overall 
specific gravitics wore 0,005 to 0.010 lower than with 
Dicts #9 and #10. This lowcring parallclod dcocrcascs 
in solutc load, 


5. Coagulable Protcin and.formcd Elements in the 


Urinc. 


In the first cxpcrimental run (Dicts #9 and 
#10), small traces of elbumcn were found in thourino 

of nine subjccts; a heavy tracc occurred with onc man — 
(Subject E). Thc albuminuria ususlly made its first 
appearance on the fourth or fifth day, then disappcarcd, 
and frcequcntly reappcarcd on tho cighth to tcnth days. 
It was almost invariably associatcd with tho microscopic 
finding of crythrocytcs and lcukocytcs, and -- in scvyon 
cascs => with thc presonce of hyalinc and granular casts, 
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During the second experiment, threc men on 
Dict #11 (Subjects E,K,P) cxzhibitcd small traces of 
albumcn, but only on thg cighth or ninth day; subjcct E 
alonc also cxerctcd crythrocytes. On Dict #12, subject 
A&A spillcd albumon and a few red blood ecclls on the 
tonth day. 


It is clear that the albuminuria and microscopic 
homaturia hore scon are not ceusally related to dictary 
composition or to the presence of protcin, Rather, thoy 
appear to be a function of dchydretion coupled with 
solutc loed on the kidncy. That albumcn and formed 
Clements were sccn lcss often in the socond cxpcrincentel © 
run is likcly duc to the smellcr porspiretory wetor 
losses end to the conscquontly smealicr dcegrcc of dchydretion 
presont. It is highly dcbeatablo whethcr sucecssivo 
coxposurcs to deprivation cen produce any bodily accomodation 
to dchydration. | 


As mentioned in our cerlior report on Exper- 
imontel Diocts #1 to 8, inclusivc, it is probahlo thet 
limitetions of watcr: intske can ectivatec - previously 
unsuspectcd lsetcnt diminution in renal rescrvec. 


6. Suger end. Acotone Bodics in Urine 


fAnelyscs mdc for sugar end nectone bodics in 
the 24-hour collicctions of urine produced rethor uncxpectod 
resultse In thc first cxpcrimcnt, no reducing substsnccs 
wore found et eny timc in tho urino of eny subject. 
Neverthcloss, Subjoct A (Diot #10) cxhibitcd traccs of 
fcotone on the sccond, third, fifth, scvcenth, end tonth 
deys of deprivation; Subjccts D (Dict #10) and P (Dict #9) 
spilled traccs on the ninthdcy. Dircctic acid wes 
consistcntly sbscnt. 


In the sccond cxpcrimcnt, howcvir, four of the 
fivc mon on Dict #11 hed from © very slighttrecc to cs 
much ss 1.0% suger in tho urinc throughout the ton-dcy 
period; the fifth men hed glycosuris for nine deys. On 
Dict #12, four sibjcéts oxhibitod vcry slight roduction 
on five diffcrcont days, ono on thrco dnys. Onc men on 
Dict #11 (K) hed mild cacctonuric on the tenth dry, while 
two mon (/, H) showcd it on tho cighth day. Dircctic 
acid again wes not found at any time. 
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It is difficult to offer a simple explanation 
for these phenomena. The acetonuria may be a function 
of wertial starvation and dehydration (although it is 
to be recalled that none occurred with our ecarlicr 
experimental dicts offering only 400-525 calorics.) 


The glycosuria, hcavicr and more frequent on 
the protein-free Dict #11 than on theprotcin-containing 
Dict #12, may be a function of hyperglycemic pcaks 
{sco section on Blood suger), but it is reasonable to 
have expected the samc phcnomene in similarly rcelatcd 
dcogrces with the comperablo Dicts #9 and 10+ It is 
possiblo that tho suddcon appearance of reducing sub- 


stances in tho urinco during the sccond cxporimcntal run 
represents cvidcnce of sclcctivo ronal disturbanco. 


7s Total Non-Protcin Nitrogon end Urce Nitrogen 
n tho Blood = Tablcs 6A, 6B, QA, 9C}3 
Figures 16, 350 


Thore was a modcretc inorcasc in the total 
non=-protcin nitrogen end urca nitrogen in the biood 
during dcprivation. This risc wes progressive, end 
wes more mrkcd with Dicts #9 end tho then with #11 and 
#i2s The chengos wore unrelatcd to the prcsonco or 
ebsencc of protcin in tho dict. The diffcrencecs 
betwocn thc two cxp.rimontel runs cen be cttributcd to 
moderrtc varictions in clectrolytc pettcrns occesioncd 
by grectcr salt losscos in sweating, 


Despite the riscos in thc lovcls of nitrogonous 
substencecs in the blood, no symptoms or signs of urcmia 
were cncountercd ct any timce 

8, Blood Sugsr - Tables 6A, 6B, 9A, 9C 

Feasting blood suger lcvcls obscrved in the 
morning followcd no specific dircctionel pattcrn. The 
verirtions could not be corrcl-ted with dictary contents 


However, cliniccl symptoms of hypoglyccmirc wore 
notcd two to threo hours aftcr tho 9 /seMe ond 1 PeMe 
foodings during thc first two deys cf deprivetion | 
(sco Clinics! Studios —- 1. .Gonorsl, pago 13.) Thoso 
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wore first obscrvod with Picts #9 pe #10$ thereforc; 
when Diets #11 and #12 (associated with similar symptoms) 
were tested leter, hourly determinations were made of | 
the level of the blood sugar from before the first Sepciag 
to mid-afternoon of the: First day cf deprivation. 


FPollowtne the morning feeding, only mild rises 
(12-36 mg. per 100 cc.) were noted; those occurred in 
six of the ton subjects on beth ‘Dicts #11 and #12. 
Secondary drceps of 18-42 mg. were nctod in scven of tho 
ten mon within an hour after tho carlicr poak had bees 
reachod. : 


Aftor £56 1 PsM. moal bdapaea dies 67 Gms food 
in contrast with 33 Gm. in tho morning), the blood mgar 
‘valucs rosc more sharply. With Dict #1} (no protcin), 
all the subjects wore affoctcd; tho increascs rangod from 
32 to 90 mgs, with the highcst absoluto lovcl rcached 
boing 160 mg. per’l00 cc. With Dict #12 (10% protcin), 
only two subjects (A, J) showod significant riscs; th se 
woro 34 and 58 mg., respectively; with the highcst absolute 
level ‘here boing 114 mg. per 100cc, 


The secondary fall following thcsce post-prandial 
aftornoon riscs was sharpcr and moro markod than it had 
bceon in thc: morning. Tho grcatest changos occurred with 
the protein-free Dict #11, on which throe mon (B,K,P) 
oxhibitcd drops in blood sugar of 88, 54, end 40. me., 

rospectively. With Dict #12, the range of fall was only 
18 to 32 mg. 


In the carly phescs of ie dag thdre appoers 
to cxist a lability in thc lovcls of blood suger of 
sufficiont dcgrcc to produce clinicel. menifostetions of 
hypoglycomin. These rosctive hypoglyccyiic opisodcs cra 
more apt to occur with larger feedings, which tend to 
produce higher initicl post-prandial levels; the higher 
the level, the more insulin is mobilized, hence the 
sharper the seconds ry drop. The presence of protein 
in the dict appears to minimize these’  BYDORLYS EMS effects, 


9. Scrum Cholesterol ~ Tables 6A, eB, OA, 90; 
F gurcs ~ Rl 


re Og groups there was a goncral tendency for 
scrum cholostcrol lcvcls to risc to a plretcau 30-70 
mg. por 100 cece ebove control Icvels during the first 
5-7 deys of deprivations Therosfter, there was a gradual 


NU-9, Ropte #2 -22- (continucd) 
RESTRICTED 


drop towards normel. During tho first severel days of 
the rocovcry period, there wes a:-slight temporery dip 
below normel. The porcentege of cholcstcrol ostcrs 
romained undisturbed throughouts 


‘Those chengcs in totel cholcstcrol are of the 
typc frequently sccon whon tho intakcs of food is suddoniy 
dccerersod. 


‘Othor tests mirroring hepstic function - tho icteric 


indcx, Van don Bergh, ecphelin-cholcsterol flocculation, 
‘and elkeline phosphrtese = did not deviate from the ! 
normel. 


10. Scrum Protcins - Trbles 6/, 6B, 9B, 9D; 
Figures 22, 7 | 


& moderate but definite rise in totel serum 
proteins occurred during the first 3-4 days of deprivation. 
Thereafter the levels remftined cbout normel. During 
the first several days ~f the recovery period, the 
serum protein conecntretions foll somcwhnt below steandard- 
izntich velues, but by tho fifth dry of’ reecvery, nermal 
levcls worc cgrin being etteined. The slbumon:globulin 
rotios-were well meintrincd rt all times. 


_ d&ll the oxperiment.l dictrry groups bchaved 
similerly with respect tc thesc chengcs in scrum pretcins, 
The varictions cbsorved can-be attributed to hemc- 
conecntretion end homodiluticn cecersicned by the 
conditions -~f the oxpcriment. Thc homodilution offcct 
is cspocirlly cpptront during tho recovery phase, when 
the wetcr inttkc wes sharply inercescd. 


ll. Electrolytes - Sodium, Potassium, Chlorides - 
Tables 5.., 5B, 6A, 6B, 7, 7B, G., 8C, 9A, 


90, 104, 10B; Figures 17, 174, 18, 18., 
it, ie, i, $8, 8, 28, LC 
6. Serum Concentrations of Sodium, Potassium 


eee et 
and Chlorides | 


Varistions in serum concentrations of sodium, 
potassium, and chlorides moved in similar directions with 
each of the four dietery groups here utilized, 


Serum sodium levels remained within normal 
enges. for t first three ad: i ion 
NU-S, Ropes PE *7TSt three dpys of deprivation, then 
as RSSTRICTED 


a 


gradually diminished by 5-9 millieaquivalents during 
the remcainder of the experimental PaPAOGs 


Serum potassium valucg ross ‘4— 5 milliequivalents 
during the first half of deprivation, then dropped slowly. 
Complctely normal levels were reached by the fifth 
recovery day. 


Serum chlorido rcoadings tcndcod to drop 
slightly during tho first 4-5 days, thcn rovertcd towards 
normal. 

b. Urinary Excrotion of Sodium, Potassium, and 
. chloridos. 


Thc urinery oxcrction pattorns for sodiun, 
potassium, and chloridos wore similar for Dicts #9, 1l, 
end 12. Dict #10, howowor, difforcd from tho othors in 
having significantly highofr urinary lcvcls of all thrco 
Gloctrolytcs. 


Urinary sodium cxerctions decreascd prc- 
cipitously during the first 5-5 days in all groups. 
Thorceftcr, with Dicts #9, 11, and 12, thorc was a 
gradual stabilization at 12- 20 - ‘millicquivelonts pcr day. 
With Dict #10, howcvcr, thc lorost figuro roachced was 
$37 millicquivalcnts on thc third day; thcroaftcr there was 
@ graduel incroesc to 57 millicquivalcnts, rcosulting 
in da ily diffcrcnees of 10-41 millicquivalonts ovcr its 
BEmpe anion Dist #9. 


Urinary potassium figures cxhibitod a moderato 
downwerd trond during thc first five days with Dicts #9, 
121, and 12. With Dict #10, on thc othcr hand, tho fourth 
day saw the beginning of a platcau whose values cxccodcd \ 
those during thc control pcriod; these fcoll dightly 
in the last throec days. 


Urpincry Chlorides dropped sharply in the \ 
first three deys, perelicling closcly the course of urinery 
sodium. Here ogsin, ths vealucs obteincd for Dict #10 
cxecoded thosc for Dict #9 aftcr the fourth day by 
11-25 millicquvelonts. 
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These differcnees in the -urinery outputs of the threo 
olcctrolytes with Dist #10 can be attributed to on 
inerorssed intrke of sodium prescnt in the mrltcd milks 
This emountod to 0.81 Gm. dsily, in comperison with 
0.4, 044; ond 036 Gm, ‘rospoctivoly, for Dicts #9, 11, 
ond 12. 


The roletive uniformity of the four dicots with 
respect to serum concontretions of ciectrolytes, and 
the vrrirtion in urinery cxcrotions with Diot #10, omphe si 24 
the importance of clectrolytes; slso, they highlight tho = 
body's tondcency to meintsin tho internal cnvironment 
es steblo ss possiblo. , 


DISCUSSE ON 


The date heroin reported lorve many questions still 
unonswered concerning protcin end nitrogen motabolism 
on limited fluid end food intskc. The complexity od 
the problem is directly rolstcd to the comploxity of 
the humen organism, snd involves studics of’ cndocrine 
balance, cloctrolyte psttcorns, esrbohydrrete metabolisn, 
eirculetory involvement, *nd renel function. 


Somc of theso probloms hve nlrerdy beon invost- 
igctcd in studics complctod, but ss yet unroportod. 
Others are projected for the nerr future. Whon a large 
sorios of studics hes been medc, valid ovcerell cond usions 
will more cesily bo cblce to be drawn. 
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NEW YORK MEDICAL COLIEGE, METROPOLITAN HOSPITAL RESEARCH UNIT 


WELFARE: ISLAND,. NEW YORK CITY 


TABLE 5A 


24 HOUR URINE COLIECTION 


Water Volume Minimal Depr., Total Sodiun Potass.. 


Intake Output. Urine FePt., Milli- 
Volume degree osmols 


(cc) (cc) (cc)? cents > 
(gm) 
1822 1190 740 ‘.1s%2 1043 | 4.46 
800 1158 490 2623 685 2.95 
800 489 297 1.61 417 1.18 
800 317 229 1.90 32) © 0.62 
800 306 232 1.97 324 0.56 
800 338 224 1.98 315 0.35 
800 327 243 1495 341 (6.63 
800 352° ~-~=«s 2h 1.89 353 0.41 
800 376 270 1.87 375) 0.37 
800 384 244 1.68 342 0238 
800 385 231 1.60 324 0.36 
2195 650 318 1.41: 446 0.53 
2260 690 507 173° 632 0.56 
2565 842 525 1462 “FSS 2061 
2$56° 1000 - 624 1240 B74 (4,36 
2384 1535. 579 1.47 803 6.03 
oe 


(gm) 
2.94 


2-80 
1.82 


1.62. 


2.00 
2044 


240 - 
2.38 


1.98 
1.88 


I.74 


2454 


1.66 


1.76 
1.98 


2.34 


Chlorides 


(gm) 
12.52 


781 
3e47 
1.99 
1.48 
1,02 
0.99 
0.71 
0.85 
0262 
0.40 


0.74 
2041 
4.61 
12224 
15.42 


e 
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Nor york MOICLL COLL G2, MIT°OPOLITLN HOSPITAL YiSBiCH UNIT 
MELEE ISLAND, NS" YORK. CITY 
“TABLE. 5B 
es 24-HOUR UVINE COLLICTION 
Day ~ Total Urea reiting BS. Creatine Creetinine 
Nitrogen Nitrogen  $Nitrogen 
(gm) (gm) (gm) (gm) (em) 
Control 13.10 11.63 0.79 0.02 1.05 
iver. a 
D a9 | re 
D 2 6.75 6.16 0.45 0.12 0.86 
ao 5.57 4.69 0.39 0.20 0.74 
Py | 6.00 5.16 0.37 0.20 BF ang 
Vv 5 6.06 52035 0.56 C.i5 80 
a 6 6.97 5.56 0.55 0.04 6, 87 
t 7 7.13 -6.19 C.59 0220 0.83 
hake - Ge 7.59 5.79 0.38 0.80 0.78 
Mihley | 7.27 5.88 C.39 o.14 0.77 
ws, 10 6.74... 5.37. C543 0.15 0.79 
TECOVIRY ; | 
1 9.46 7.90 0.56 0.16 0.84 
2 12.38 10.46 0.59 1» 28 C.87 
3 12.15 9.80 C «87 Oy ak C.88 
4. 16.70 8.26 1.07 0.04 C.33 
5 12.03 10.46 0.73 Cad 0.87 
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NEW YORK MEDICAL COLLEGE, METROPOLITAN HOSPITAL RESEARCH UNIT 
WELFARE ISLAND, NEW YORK CITY 
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CHO =— 80% 
PROT. 1Q% (Milk Protein) 
— yo 
TABLE 5C 
24 HOUR URINS COLLSCTION 
" Water Minimsl Depr. Totel 
Day “eight Intake Volume Urine Fr.P. Milli- Sodium Potass. Chloridcs 
Volume Deer osmols 
(ke.) {cc.) (cc.) (cc.) Cent.) (gm. ) (gm. ) (gm. ) 
Control]. . 48,2 1840 1100 74.4 2.02 1085 438 2496 12623 . 
/Ve@le ; oO 
2 % 6? gaye > 800 803 627 1.76 878  $e6S. 2648 7.53 
P 2 70.2 800 670 647 1.70 600 La? 2.06 4.67 
5 3 69.0 800 450 335 1.94 470 0.91 2430 2025 
~ 4 6800 800 472 326 1.78 455 0.86 3020 1.53 
+ 3 6748 800 498 362 1.88 506 0.84 412 175 
 * 67.8 800 493 385 1.92 510 1.07 4610 1.64 
7 6726 800 513 381 1.93 531 1.02 4.30 5 
ae ~66N9 800 488 365 1.94 510 140 326 1.75 
ae 6659 800 534 392 1.95 548 1.20 3.68 2409 oY 
aa SO 6647 800 480 363 1.97 509 2.50 3420 1.60 = 
RECOVERY = 
1 | 567s8 2460 539 425 2.01 595 1.19 3.48 1.76 2 
e 69.8 2650 738 411 1.85 730 1.11 3.50 275 os 
3 1. 2900 812 547 1.85 794 2477 2.14 6.42 o 
4 908 2230 1095 596 1.54 890 4.66 1.98 10.10 ; 
5 99.8 2420 1242 696 2.52 975 6.06 2.22 13.05 B 
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NEW YORK M3DIC/L COLIZGE, METROPOLIT’N HOSPITAL RESEARCH UNIT 
WOLF.’ RE ISL/ND, NEY YORK CITY , 


a 
GROUP AVR. - DIZT 10 @ E 
—“C - os Ba 
PROT - 10% (Milk Protein) ts SE 
FAT - 10% re 6 3 
1.) 
TABLE 5D 
24 HOUR URINE COLLECTION 
Day Totel Urea NHZ Creatine Creatinine 
Nitrogen Nitrogen Nitrogen 
(gm) (em. ) (gm. ) (em. ) (en. ) } ; 
Control 13.88 12.61 0.85 0.02 1.06 a 
iver. a ' 
D 1 
e be 10.00 ae 9.22 0.47 0.04 0.89 
Dp 2 10.02 9.45 0.47 0,212 0.88 
~ 2 8.38 7.20 0.33 0.19 0.81 
@ 4 8.40 6.55 0.33 ‘Oooe 0.69 
-. § 9.24 7.90 0.27 0.14 0.89 
s. £ 9.30 8.17 0.26 0.04 0.88 
ee 9.90 8.69 0.25 0.20 0,83 
i 8 9.20 Tei? 0.24 0.16 0,76 
o. (68 10.13 8.40 0.27 eta 0.81 Pe 
= “20 9.46 7.98  ._ Og ZS 0.19 0.78 ai 
® 
RECOVERY +4 
1 11.70 10.05 0.42 0.24 0.90 & 
3 12.73 10.28 0.68 0.16 0,87 o 
4 9.53 7.50 1.23 0.03 0,92 x 
5 11.26 8.94 1.09 0.02 0.90 Zz 


NEW YORK MEDICAL COLLEG:, MSTROPOLITAN HOSPITAL RsaSsARCH UNIT 


WLLFARS ISLAND, Ni YORK CITY 


GROUP AVER. - DIET 9 
© - 90% —* 


FAT - 10% 
TABLE 6A | 
FASTING BLOOD 
Day Sodium Potassium Chlorides Sugar 
Control 329 12.4 620 80.35 
.Ve 

D 
e 1 
) 2 330 13.6 603 79.9 
r 3 330 14.3 596 
i 4. 325 14.5 580 83.0 
Vv 5 327 20.8 599 
a 6 325 S202 615 
t 7 320 3062 624 8926 
i 8 320 2647 604 76.5 
ce) 9 524 2565 600 
- 10 324 23.65 596 83.4 
Recove 

1 324 2567 599 

2 525 2069 612 78.6 

3 328 15.7 614 

4 3351 14,0 616 70.6 

5 332 11.8 629 


— 


32.8 
30.4 


UN 
16.7 


17.1 
21.4 
24.0 
25.6 
26.5 


15.9 
15.4 


Total Chol. 
169 


221 
2355 
250 
230 
2355 
227 
208 
189 
178 


152 
147 
149 
149 
160 


4D 
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NEY YORK MEDICAL COLLGGS, MSTROPOLITAN HOSPIT/L RESLARCH UNIT 
WELFLRE ISLAND, Ni" YORK CITY : 


GROUP AVSR.- DILT 9 
CHO = 90% 


FAT + 10% 


(continued) 
RESTRICTD 


TABLE 6 
FASTING BLOOD 
Day TSP ALB Glob. L/G Hemat. RBC HCB 
Control 733 5.3 2.0 2.9 43 4.50 15.0 
sveTle 1 
U 1 44 4.54 15.7 <Q 
age 7.9 5.7 2.2 S57 41 4.14 14.6 ‘ 
| ae 7.9 5.7 2.2 27 41 4.10 14.8 
eee 7 5.5 2.1 2.6 42 4.02 14,4 
i 5 7.5 5.4 23 2.6 41 4,01 14.6 
a / Re f 5.5 2.28. 2.6 14. 
a 7 TG 5.4 3.3 2.6 
t 8 Vand . Sez 2.0 2.8 43 4.36 1552: 
i 9 7.1 5.1 2.0 2.6 40 4.05 35.7 
n 
Recovery 
1 6.8 5.0 1.8 267 39 4,49 16,2 x 
2 626 457 . 1.8 Re 6 35 4. 42 15.9 
3 6.4 4.6 1.8 2.6 18.7 J 
“4 6.6 4.8 1.9 2.6 38 4, 43 14.6 o 
5 7.0 5.1 1.9 2.9 4-63 15,2 ae 
oo 
- 


NW YORK MEDICAL COLLZGE,. METROPOLITAN HOSPITAL RESEARCH UNIT 
WELFARE ISLAND, NSW YORK CITY 


GROUP_AVER. + DIuT 10 rae 


~~ CHO = = 80% 
PROT - 10% (Milk Protein) 
“FAT - 10% ! a 
TABIE, 6D Se a 
FASTING BLOOD 
Day " (SP. ALB. GLOB. AIG 3 Hemate RBC. HGB 
Control 746 5.5 2.1 2.7 44 4.59 "S544 
AVER 
1 42 in. 56s 
2 7.9 5.7 261 2.7 43 4.01 15.0 
- 3 8.3 6.1 3.8 2.8 42 4.01 14.5 
ie 8.4 6:2 2.2 2.8 4,4, 4.43 14.6 
AB. 8.1 6.0 2.3 2.9 43 4.04 14.6 
ie. 8.1 6.0 S61 2.7 15.2 
+ 7 7.9 5.6 Bok Re - 
; 8 9.3 5.2 2.0 2.6 49 4,09 16.1 
9 pe S.7 pe 2.7 43 4420 16.0 
m4 10 7.0 5.2 B.D 2.7 43 4.37 16,2 
“ROCOVERY 
1 6.9 5.0 1.9 Pas) 40 4.08 15.5 
2 6.6 4.8 1.8 2.7 37 4427 15.5 
3 6.5 2.8 1.8 2.7 ; 14.2 
4 6.6 4.9 1.8 2.9 40 4.25 14.4 
5 7.0 5.1 1.9 2.6 4.36 14,9 
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NEY YORK MEDIC/L COLLSGL, METROPOLIT’N HOSPITAL RESEARCH UNIT 
WOLF 2. ISL ND, N° YORK CITY 


GROUP_AVER. = DIT_9 
CHO - 90% 
FAT = 10% 


T.BLZ 7A a rs nee a 
2 ; wgdet ome yt gk es LB. . , f 


TOT’ L MILLI-“L°UIVeL.NTS 


Dey Sodium Potessium Chiorides NH, Nitrogen 
Urine Blood Urine Blood Urine Blood Urine 
Control 194 143 76 oe? 216 acs 56 
- Aver. 
eee 123 72 135 41 
oe 2 78 144 48 3.45 6C 102 32 
3 Fi 27 144 4 3.656 4 10 28 
Se Be SBR. LAL , 52 3e71 26 99 27 
9 15 142 64 5.33 8 172 26 
Vv § 28 140 62 0424 17 1c4 39 
a 4 rs 139 62 7.73 12 i. 28 
t 8 16 139 52 6.°°3 PR. 102 27 
ee 17 141 48 6.62 11 1c2 28 
1c 16 141 “6 6492 9 101 31 
naCOVER 
p | 23 141] 60 6.06 13 ic2 40 
2 ee 141 £2 5.35 42 104 42 
3 113 143 4 4601 79 1c4 48 
4 19C 144 52 3+58 212 1¢5 77 
5 274 145 6¢C vee 233 He Se 
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NEW YORK MEDIC L COLLEGEm METROPOLITAN HOSPITAL R&SEARCH UNIT 
; WOLFRE ISL/ND, NEW YORK CITY 


GROUP AVER. - DIET 10 


(continued) 
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2: Ces : | 
PROT 10% (Milk Protein) 
F/T 10% 
T/,BLE 7B 


“TOTAL MILLI-S*UIVALENTS 


Day Sodium Potassium Chlorides ~~ ‘WH3 Nitrogen 
Urine Blood Urine Blood Urine Blood Urine 
Control 194 145 76 5.54 212 104 61 
Aver. 
ie i 
ge 153 64 130° = 34 
2 77 144 54 4.22 81 103 24 
= 3 40 143 60 4.56 39 101 24 
i 4 37 141 82 ny 8 bg 26 99 19 
. 5 37 140 106 5. 45 30 99 19 ‘ 
sige 47 140 108 8.95 28 107 19 
. 7 45 137 110 ye. 24 105 18 
Ft 8 48 140 84 6.85 30 7A5 ae 
‘ 9 52 139 94 6.59 36 103 19 | ve 
. 10 1 4 138 82 6.435 28 103 20 Heo 
Recover} rey 
1 52 140 90 6.38 30 103 350 a 
2 48 141 90 wea 47 104 40 . ag 
3 120 — 144 O% 4.04 eB 105 49 n 
4 202 144 50 3.79 174 104 88 .* 
5 266 144 56 3.43 225 104 78 E 


NEW YORK MiDICAL COLL:Gi, MSTROPOLIT:.N HOSPITAL RsS&. RCH UNIT 


WOLFARG ISL’ND, NSW YORK CITY. 


GROUP /VGR. - DI T 10 


ae te 


ee ae 


CHO - 80% | 
PROT - 10% (Milk Protein) 
FAT <= 10% 


Pea 


COOMOONIMAUOD WHI 


ne) 


Om 0-H 


Sodium 


331 
529 
325 
321 
S21 
516 
321 
320 
518 


3235 
S25 
352 
331 
352 


FASTING BLOOD 


Potassium 


Chlorides 


-- Sugar 


74.6 
78.8 


““o NPN 


34:5 
37.9 
45.7 
50.3 
51<¢3 


3204 
2905 


16.6 
18.8 
25.0 
24.7 
2535 


15.7 
15.0 


Totel chol. 


258 
244 
229 
227 
259 
251 
205 
205 
179 


165 
137 
129 
142 
158 
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FIGURE 10B 
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FIGURE 12 
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NEW YORK MiDICAL COLLZGS, METROPOLITAN HOSPIT’L } 
WSLFARS ISLAND, NE" Y 


GROTP AV'R. DIET il 


24 HOUR URIN: 


a 
FAT 10% 
TABL GA 
Day Weight ‘Water 
. Intake 
(ke) (cc) 
Control 20.4 2316 
Aver. 
D 
e = 2G.5 800 
Dp 2 69.4 800 
r 3 693.0 800 
7 4 68.5 800 
| y 5 “68.5 800 
a 6 68.0 800 
| + 7 67.7 800 
| ae '6B-5 800 
© g 'QPe1L 800 
n 10 Q6.9 800 
Recovery 
1 OF%e2 2196 
2 68.6 2034 
4 68.8 1988 
5 £2 .6 


(1752 | 


Volume 


(ec) 


1287 


1226 
722 
472 
416 
442 
554 
387 
394 
366 
529 


1275 
668 
1154 


1032, 


978 


Minimal 
Urine 
Volume 
(cc) 


703 


455 
300 
247 
180 
214 

, 215 
184 
179 
172 
167 


250 
365 
506 
635 
681 


SARE UNIT: 


COLL: CTION 


R= CITY 

aA THT S 

Hi 
Depr. Total Sodium Potass 
Fr.P. Milli-’. ; 
degree osmols 
cent. (gm) (gm) 
1.45 987 4.54 5-55 
0.98 657 41 5206 
1.08 419 1.31 3.08 
1.41 ' 345 | 0.66 3.05 
Ledl 280 0.61 26098 
1.42 297 0.28 2.22 
1.29 258 0.27 1.02. 
1.23 250. 0.34 1.06 
1.29 240 © 0.33 1.06 
Lea? 204 0.24 0.97 
0.54 266 0.42 0.93 
1.53 510 1.54 1.63 
1.38 708 5063 1.96 
1.69 B55 - 4.27 1.76 
1.59 952 5-95 2264 


uD 


(cnntinued) 
RESTRIC 


Chlorides 


(gm) 


12.4@ : 


6.94 
5.74 
216 
eave 
0.99 
0.87 
0.86 
0.74 
0.69 
O74 . 


0.57 
2.82 


NEW YORK MGDIC..L COLLSGi, M:TROPOLITAN HOSPITAL RUSZARCH UNIT 
WLLFAR. ISLAND, NW YORX CITY 


GROUP AVOR. DIsT IL a <e | en ee 
CHO 90% ig 3 
FAT 120% 28 

Pe 
bah ee 
* OM 
Z seated 
TABLE 8B 
24 HOUR URIN®D COLIZECTION 
Day Tetel Urea NHg Creatine Creatinine 
Nitrogen Nitregen Nitrogen 
(gm (gm (gin) (gm) (gm) 
Control 
iver. 12.09 9.87 60.72 0,01 405 od 
Fe) 

" 1 8.03 5.97 0.97 6.02. 1.03 ' 

. 5.91 4.66 0.46 0.02 | 1.02 

e .3 5.50 4.38 0.45 0.01 0.94 

t 4 5.28 4.18 0.37 0.19 0.81 

5edL 4.04 0.36 0.05 0.84 

t 8 5.26 4.38 0.36 0.12 0.97 

ae 4.46 3.39 « 5 Mase 0.08 0.80 

; 2 4.41 3.33 0.30 0.08 0.75 

2 4.27 3.20 ~ 0535 0.02 0.89 ss 

ae 4.21 $13 0.39 0.08 0.84 ne 

Recovery » 

1 6.70 5.80 0.52 0.08 532 . 
2 8.42 6.81 0.52 0.0% +14 a 
3 9.02 7.54 - 0.57 0.09 1.05 * 
4 10.42 8.37 99 0.08 0.75 > 
5 10.89 8.96 0.70 0.03 0.68 2 


. 
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NEW YORK MEDIC/L COLIGGz, M:TROPOLITAN HOSPITAL RLS.ARCH UNIT 


PROT 10% (Zge white) 


TABL. 8C 


Day ‘eight 
(kg) 


Control 


7Q67 
BO .9 
0.6 


e 


S338 38 
ih Oo ONO 


BORG Od HR OY 
COWMOONoOUPWNHH 


24 HOUR URIN.= COLL: CTION 


Water 
Intake 


(cc) 


2577 


800 
800 
800 
800 
800 
800 
800 
800 
800 
‘800 


2254 
2464 
2148 
2064 
1998 


Volume 


(cc) 


1425 


(cee) - 


664 


475 
354 
3513 
217 
264 
254 
259 
240 
221 
207 


502 
404 
581 
619 
667 


Minimal Depr. 
Urine 
Volume 


Fr.?. 


degrce 
cent. 


1.42 


1.00 
1.53 
1.52 
1.59 
a6 
i662 


1.72 


1.64 
1.64 
1.67 


0.89 
£e67 
1.45 
1.48 


1.79 . 


@ 


“ELF Ro ISLAND, Na YORK CITY 


Total 
Milli- 
osmols 


971 


664 
495 
£38 


303_ 


370 
355 
335 
535 
309 
289 


423 
965 
812 
865 
934 


Sodium 


(em) 


4.46 | 


2.68 
1.76 
0.98 
0.53 
0.36 
0.42 
0.53 
0.40 
0.39 
0.355 


0.54 


1.53 
“s6 22 
4.58 
5.94 


“—— 


Potass 


(em) 


2.87 


3.535 
3.16 
3.28 
2e74 
1.45 


1.59 


1.57 


1.54 
1.22 
1.435. 


1.04 


1.03. 


242 
1.97 
2216 


Chlorides 
(gm) 


12.28 


718 
4.18 
2-66 
1.88 
1.12 
1.04 
0.84 
0.73 
0.72 
0.84 


0.62 
2.46 
10.49 
12.12 
11.55 
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NEW YORK MEDICAL COLL:GE, METROPOLITAN HOSPIT. L RESEARCH UNIT 
WSLFARS ISLAND, NEW YORK CITY 


3 ere 
GROUP AVSR.- DIET 12 3 El 
CHO ha 
FAT 10% : “ 8 we 
PROT 10% (Egg white) J “4° 
Ay ‘th 8 Aa é 
T/BLE 8D 
24 HOUR URING COLLECTION 
Day . Total Urea NHz Creatine Creatinine 
rey Nitrogen Nitrogen | Zz 
(gm) - (gm) (<n) (gm) 
Control 11.62 ae ®.72 0.01 0.96 J, 
Aver. . . 
ae 8.48 6.61 0.57 vg 1.01 
2 7.34 6.15 0.46 O- 1.01 
4 3 7.36 6.24 0.47 age 0.98 
: 4 6.85 5.42 oe on 0.80 
j 5 6.89 5.69 0.40 O- gb 6 0.84 
a. © 6.70 5.49 0.38 noes 0.89 
. 7 6.38 5.02 0.34 Oole 0.79 
ae 6.44 5.22 0.37 age 0.72 os 
m 9 6.03 4.83 0.37 as 0.78 Sie: 
— om 5.77 4.64 0.40 . 0.87 “e 
3 2 
Recovery a 
i 7.99 6.76 0.53 Ce(j-3 ‘12 a 
2 8.58 6.96 0.52 0.06 1.04 @ 
3 9.20 7.41 0.74 0.06 1.17 > 2 
4 9.67 7.63 0.84 0.08 0.71 - 
5 10.77 8.70 | 0.70 0.03 0.68 
2 ma u @ ee 


Nu"? YORK M:DICAL 6QLLIG3, MITROPOLITAN HOSPITAL RaSwARCH UNIT 
WaoLFAR.: ISLAND, NS YORK CITY. 
. Rete 2 os dae 4 tit wthngh 
GROUP AVSR. DIZT 11 | Phe 
CHO 90% 
FAT 10% 


Table 9A 


TASTING BLOOD 


} 


Day | Sodium Potassium Chlorides Sugar NPN UN Total Chol. 
Control abe | 
Aver. — | 332 15.9 608 | 78.8 S168, SBSse 179 
m4 328 16.9 sano 229° 
. 2 328 21.8 612 78.4 $2.6. . 25.9 Sta. 
327 2740 577 . 207 
r 4. a7 19.5 582 82.0 33.9. 236.5 214 
. & 326 29.6 eee 252 
» 4 6 326 20.8 590 80.6 52.8: > 28.3 195 
7. 322 20. 591 198 
7 # ga) ¢ 20.1 We - @a 32.8 2263 186 
= @® 322 22.0 302 . 168 
M4 10 ois 19.4 582 89.6 35.4 17.9 200 
Recovery 
“Sag | 328 3.8. - 602 - 183 
2 | 340 2h,6.% 606 | 191 
3 | 335 16.7 604 - g0.2 30.5 15.5 156 
4 Ke 826 14.2 582 | 152 
Sp. 5 B54 14.9 601 83.9 29.2 14.6 177 
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NEW YORK MEDICAL COLLIGZ, MITROPOLITAN HOSPITAL RESEARCH UNIT 
WELFARE ISLAND, NOY YORK CITY 


GROUP AVER. DIST 11 
CHO 90% 


FAT 10% 


T.BLG 9B 


a 


4 
< 
me 
rd 
b> 
2 


Aver. | 7.6 6.9 2.3 4.4 - 
_ £ 8.2 6.3 1.9 3.6 
2. & 8.2 6.2 . 2.0 22 
; 4 7.0 5.2 1.8 3.0 
ee 7.7 5.4 2.3 2.3 
ee 7.8 5.5 2.3 2.5 
ae 7.7 6.3 1.6 4.2 
. 8 7.6 6.4 1.3 6.9 
ae. 7.9 5.0 2.9 1.8 
. 8.1 6.1 5G 3.2 
Recovery 
1 7.3 5.2 2.3 2.5 
2 7.5 5.6 1.8 3.2 
3 7.9 5.3 2.5 R.2 
4 7.4 5.5 1.9 3.3 
5 8.3 6.5 1.8 3.9 


FLSTING BLOOD 
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GROUP _AVER. DIET 12 
— —_ . 


Fet 120% . 
PROT 10% (2gg white) 


EBLE 9C 


WoLFLRS 


SLAND, 


“se 
Be SE ~ 
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FASTING BLOOD 


Sodium Potassium Chlorides Sugar NPN Total chol. 
Control 
Awer. 17.3 605 77.1 37.3. 14.9 199 
. 1 18.1 574 : 3 240 : 
2 22.2 607 75.4 ns: 2S 222 oO 
. 3 | 327 21.6 580 3 215 2 
ee | 4 321 21.4 $05 B5.5 33.4 16.3 240 
a 5 BPH - 30.9 594 | 242 
. 6 323 24.6 589 79.9 mie 2.2 219 
t 7 325 23.9 582 216 
; 8 327 21.5 580 82.5 32.9 .. 360 191 
‘ 9 324 roe i | 610 | 173 : 
i el 319 21.8 558 85.7 ss.9  FR2 2066 -@ 
334 16.5 582 195 bers 
332 19.3 - 625 195 2 
322 15.3 626 77.4 30.0 15.3 171 
324 12.8 610 167 as 
330 14.8 606 381.7 27.7 14.2 171 y 
. a a 


NoW YORK MiDICAL COLL=GS, MsTROPOLITAN HOSPIT..L acSait 
WLFiRG ISLAND, NOW YORK CITY 


GROUP AVIR. DIET 12 


ne al 


CHO . 80%> : 
FAT 10% 
PROT 10% (Bee white) 
Pr 
TABLS9D 
FLSTING BLOOD 
Day TSRiu LLB GLOB L/G 
Control 
iver, | 8.0 6.0 2.0 3.4 
D t | Sel 7.0 ee | 6.0 
e 2 | 8.4 666 1.8 3.7 
P S te. 9.7 1.9 3.8 
r 4 7 e 3 5 . 0) ze > 4 2 e 3 
1 5 | 8.0 5.6 3.3 2.5 
¥ 6 | 8.3 5.6 2.7 2.1 
. 7 | 8.1 6.0 2.0 3.6 
:° 8 | 8.0 5.6 2.5 2.3 
. 9 | 7.8 5.9 2.9 1.9 
n. 10 | 8-0 6.0 2.0 3.4 
Re oavery ; 
%.1%,6 a. ' S.1 2.9 
2 17.3 * §.5 2.0 2.9 
3 17.6 “5.3 2.3 2.5 
4 17,4 5.6 1.8 3.1 
5 18.3 6.4 2.0 3.4 


{CH UNIT 


Hemat RBC HGB 
42 4.51 15.3 
42 4.18 18.1 
40 4,00 id.6 
42 4.10 14.0 
39 4.03 $4.55 
41 4.06 13.8 
40 3.89 13.4 
37 3.85 13.3 
38 3.99 33.1 
38 3.98 13.0 
39 
43 4.47 14.0 

. 39 4.46 14.1 
42. 
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Na YORK MGDICAL COLISGL, MiTROPOLITAN HOSPITAL RESEARCH UNIT 


WELFARE ISLAND, NE YORK CITY 3a 
m ie 3 
GROUP AVER. DIT 11 a 
: Se ois 
FET 10% om 
a 
TABIC 10A 
TOTAL MILLI-EQUIVAL:NTS 
Day Sodium Potassium Chloridcs NH3 Nitrogen 
Urinc Blod Urinc Blood Urine Blood Urine 
Control | 197 145 94 3447 4... 258 51 4, 
= Saat Aver. : 7 y 
dee GG. wee to 91. 4634 120 100 69 
“49 57 143 79 5.59 65 105 33 
, fae 29 142 78 5.39 37 100 32 
: 4 27 138 66 5.00 27 100 26 
5 12 142 31 79595 17 104 26 
x ns 6 13 142 23 5.34 45 100 26 
ao 12 140 26 5228 15 100 24 & 
SiG: 16s leo 27 * S86 13 10a. 21 . 
ec ® 14 140 27 564 12 192 25 as 
o:< 90 | 30. «136 25 4.98 13 100 28 = 
fam 
37 o 
37 
41 zs 
55 
50 


GROUP AVER. DIT 12 
CHO 80% ~ 
FAT 10% 
PROT 10% (Zgg white) 


Table 1OB 


~n 


TOTAL MILLI-2°UIVALANTS 


Day Sedium : Potassium 
Urine Blood Urine Blood 
3,85 
, Ss 117 143 85 4.64 
oe 77 144 81 5.69 
» 3 43 142 84. 5.54 
..% 23 140 70 5.49 
ae 16 140 37 7.92 
. ¢£ 18 140 36 6.30 
a9 14 141 35 6.13 
»  % 7 142 35 5.52 
4 ae 141 31 5.42 
ay "ae eee tee 139 37 5.60 

“ : 

= 

1 i ge 145 27 4.24 
- Fo 144 26 4.95 
ee ae 140 ' 62 3.93 
4c. oh: yee 141 50 3.29 
5. | oe 144 55 3.60 

| | 


, NEW YORK MEDICAL COLL:G2, MCTROPOLITAN HOSPITAL R&iSZARCH UNIT 
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Chlorides NHg Nitregen 
Urine Blood Urine 
212 104 92 
i 
Oo 
124 99 41 , 
72 104 33 
4.6 109 35 
52 10+ 29 
L9 102 29 
18 101 27 
14 LOO 24 
13 LOO 26 
12 105 26 
14 102 29 a 
e. 
11 100 38 2, 
42 108 37 = 
181 106 53 
209 105 60 ~ 
199 104 50 . : 


72 


73 


70 


69 


68 
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DATLY “EIGHT RECORD 
'Kilogreans ). 


EXPERIMENT AL DAYS 
a 5 6 7 8 9 ro | co ee 4a 5 


DIST NO. CHO. FAT EGG HITE 
—— 31 90% 10% 


Bs 
tA 
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8) FIGURE 25A 


CUMUL:: TIVE WEIGHT LOSS 
(Kblogrems ) 


EXPERIMENTAL DAYS 


6 
5 
4, 
3 
j 2 
1 
9) 
Kee | 
DIET NO. CHO. FAT PRO. (EGG WHITE) 
PO 90% 10% | 
MXN 12 80% 10% 10% 
Nu9-, Rept. #2 -67- (continued) 


RESTRICTED 


) FIGURE 23B 


DAILY WEIGHT LOSS 
(Kilograms ) 


EXPERIMENT iL DAYS 


| 
Ne Loss | 
DIET NO. CHO. FT # £PRO.(EGG WHITE) 
A 11 90% 10% 
; KXS) 12 80% 10% 10% 
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TOTAL URINARY VOLUM: 
~“(ece) 
FIGURE 24 


CONTROL SXPIRIMENTAL DAYS | 
1400: Ree, ae & 4 2 3 4 5 6 7 8 9 12 1 2 3 4 5 
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1200 ' 
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LO00 
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900 


- 800 


te #2 


700 
QP, 
© 

aw 


600 


NU-9, 


DIST NO. CHO. FAT EGG WHITS 
41 90% 10% 
===12 60% 10% 10% 
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FIGURE 25 TOTAL SOLUTES IN URINE) 
: | -(Milliosmols ) 
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COR T R:0'L j EXPRRIMENTAL DAYS ; | RZiCOVERY 


—$——__—--—— “ 
6 7 
1100 
1000 
960 
800 b 
nt 
{ 
700 
600 
500 > 
4.00 earn SS 
o” . ey. . 
300 7 yay 
200 ; 
Milliosmols DIST NOw CHO. FAT SGG WHITE 


11 90% 10% 
i | ---12 80% 102. WA © 


FIGURE 26A 


NEGATIVE NITROGEN BALANCE 
(Grams ) 


EXPERIMENTAL DAYS 


8 
7 
6 
5 
“| 
‘. : 
Gre 3 
DIET NO. CHO. FAT PRO. (Egg White ) 
— ll 90% 10% 
cseSeee 80% a 10% 
oe + ' sn cna 5. ks 
12 Minus 3.9 
Rept. fe -72- (conti nued) 
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TOTAL CREATININE IN URINE 


(Milligrams) — 
i 
Be 
CONTRO EXPERIMENTAL DAYS RECOVERY tom 
1 2 a 1 2 3 4 5 6 7 8 g 10 1 2 3 4, 5 on 
1200 | 
1100 ,, | ie \ 
eee 0.. * s 
a 3 “i y 
) -_ ; nS) 
900 O ‘ 
800 fe a 
ee of 8 " 
é ia O°" € 
700 s Mens 
. * “© 
600 R 
. | DIET NO. CHO. {FAT GG WHITE -’ 
11 90% {10% » 
---12 80% 110% 10% & 
oO 
t 


° e : é 7 x i, aii a 


FIGURE 28 | _-- POTAL CREATINE IN URINE 
Z (Milligrams ) 


EXPERIMENTAL DAYS 


D s'; 1. eS 3 rer"s 6 9 8 


200 


160 


120 


DIET NO. 
amatione <I 
beciaouae 12 


CHO. FAT 
90% - 10% 
‘B0% 10% 


TO 


i- noe, 


r 


EGG WHITE 
10% 


- 
“ 


* = \ Pa i ~ 
*, co / ‘ 
XS 7 


rd 
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TOTAL NH, NITROGEN IN URINE 
(Millicqtivalents Per 24 Hours) 


| 
Por TR OU. 


EXPZRIMENTLL DAYS 


(co nt inued) 
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350 


20 
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M.Eq./24 He DIET NO. CHO. 
11 9075 


--- 12 8053 
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BLOOD NON-PROTSIN NITROGEN 
FIGURE 30 (Milligrems Per 100 cc.) 
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cON¥TROLT ~- ~ ""SXPSRIMENTAL DAYS pag RECOVERY 
LS See 8° FF +. 88 Ue Se IS ee ee 


40 
35 
30 ae OP rates = 
25 
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11 904 10% 7 
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wf 
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B 


noes Cl | 


SERUM SO DIUM mat 
(Millicquivalents Per Liter) en 
fe 
BO. 
“Ome 


CONTROL BYP XRIMENTAL DAYS RECOVERY! 


z 2 3 1 2 _ Bee, ge ae ee Meee, Same 


141 ~ 
139 
13” 
135 


133 oy 

M.Eq./L : . DIZT NO. ‘CHO. FAT  =3ZGG WHIT 
- a. OO 10% : 

-- = 12 80% 10% °’ 10% 
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TOTAL SODIUM IN URINE 
(Milliequivalents Per 24 Hours) 


FIGURE S1A 


‘1 2 3 1 2 3 Zz ea. 5 
_ ~e' | 
| ee ates 
+ eee 
180 ‘, \ | 
. \ | DIST NO < CHO. AT tere! TITER 
160 i \ v0 cag ris 
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a a9 10° 
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FIGURE 32 


C ON 2. R.0 


3 2 3 


“1100 


9,00 


Cr 


SERUM POTASSIUM 
(Milliequivalents Per Liter) 


EXPERIMENTAL DAYS 
4 5 6 7 


DIET NO. CHO. 
‘ . 3F 90% 


---12 80% 


- 
Mien ne 
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FAT 
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10% 


EGG WH{TE 


10% 
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FIGURE 352A 


"CONTROL EXPERIMENTAL DAYS 
48. Big 7 8: 8 €  «@ ar ae 

: | 

POTASSIUM IN URINE 


100 —< 


60 
40 
20 


‘M.Ea/24 He 


‘“ 


— 


A me et et ee 


A Ae ee ees 


( Milliequivalents per 24 Hours ) 


Diet No. 
a 
12 


ee Fees eS ae 


ee an ae es ee = 


4 5 


ne ts ee oe 
. 


-80- 


~ 
f 
Py ‘* inn Sy 
Po al ~~ 
b ‘ 
a ad ait a Pi neal Y ‘ 
— ¥ - ag = p 
ae ee alata 
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10% 


OTSD 
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Sa RUM CHLORTDES 


DIET NO. 
li 


-~--12 
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BRE Sie ct ne per Liter) 


~ 


CHO. 
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80% 


RECOV 
ae oe 
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om 
© 
EGG WHIT 
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TOTAL CHLORIDES IN URINE 
(Milliequivalents Per 24 Hours) 


COouT sO Li 


EXPERIMENTAL DAYS 


(conti nued). 
RESTRICTED 


DIET NO. CHO. FAT EGG WHIT: 
12 90% 10% 
--- 12 80% 10% 
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TOT.L SERUM CHOLESTEROL 
(Milligram Per 100 ec.) 


EXPERIMENTAL DAYS” 


$s 26° Ss Se 8 eT 
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TOTAL SERUM PROTEIN 
FIGURE 36 (Grams per 100 cc.) 
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ee 


ne 


t 


[£2R 2K e L 


9.0 | 
8.0 oe Oi daemon” of cae 
= : ee 
70 
GM. | 
Diet Nos CHO. 
Lt 90% 


80% 


FAT EGG WHITE) 2 
Se 

10% , : 
Py 

10% 10% 2 
| ~ 
Or 

| p 


RISTRLCIUD 


